Formation of autophagosomes requires vesicular trafficking from virtually every subcellular compartment to the formation site. This traffic must be tightly regulated but also adaptable as different membrane compartments will contribute varying amounts of membrane, lipids and proteins to the forming autophagosome depending on the stimulus. In mammalian cells, efforts to understand how autophagosomes form have been focused on the role of Rab proteins in autophagy.
Introduction
Macroautophagy, usually called autophagy, is a lysosome-mediated catabolic pathway that is conserved in eukaryotes (for review see 1 ) . During the process of autophagy, organelles, macromolecular complexes, lipids, proteins and cytosol are sequestered by double membrane vesicles, called autophagosomes, which fuse with the lysosome for degradation ( Figure 1 ). Autophagy was traditionally considered to be a non-selective process. Selective autophagy pathways, for example mitophagy, use cargo receptors to recruit cargo (for example mitochondria) into forming autophagosomes. Cargo receptors bind Atg8 proteins (Atg8 in yeast, LC3 and GABARAP proteins in mammals) on the autophagosome membrane via a LC3-interacting region (LIR) motif and selectively target cytoplasmic components (eg mitochondria) for degradation. Selective autophagy pathways which use cargo receptors with high avidity for the Atg8 proteins have been proposed 2 to be able to exclude untargeted soluble cytosolic components and thus potentially spare these from degradation. Cargo adaptors are a second type of Atg8-binding LIR-domain containing proteins, which recruit cytoplasmic cargo not for degradation but to add functionality to the autophagosome (for example recruitment of trafficking molecules) (for review see ce 3).
The origin of autophagosomal membranes in mammalian cells is not entirely clear despite intense investigation. The earliest structure identified in yeast is the PAS (pre-autophagosome structure), defined as the site where the Atg proteins accumulate. The mammalian equivalent has been called the phagophore or isolation membrane. While there is some evidence that the phagophore may be derived from Golgi, mitochondria, or plasma membrane-derived vesicles 3 , it is widely accepted that during amino acid starvation the omegasome is the precursor membrane of the phagophore (Figure 1 ). The omegasome is a platform formed on the endoplasmic reticulum (ER) that is rich in PI3P (Phosphatidylinositol 3-phosphate) and is marked by the presence of DFCP-1, a double FYVE domain containing protein. 4 The omegasome and phagophore expand rapidly upon amino acid starvation, initiated primarily due to the rapid inactivation of the negative regulator of autophagy, mTORC1 (Target of Rapamycin complex 1). Loss of mTORC1 activity results in the activation and membrane association of the ULK (Unc-51 like kinase) kinase complex, and of other early autophagy (Atg) protein complexes to the omegasome and phagophore ( Figure 1 ). The ULK complex contains a serine/threonine kinase and three additional proteins, FIP200, ATG13 and ATG101. 5, 6 In mammalian cells, the hierarchy of recruitment of the Atg protein complexes to the phagophore has been described. 7, 8 ATG9, the only membrane spanning Atg protein, is the first protein to translocate to phagophore structures 9 , followed by the VPS34 complex I and ULK complex.
While the function of ATG9 is not known it transiently interacts with the omegasome, the phagophore and the autophagosome. 9 The PI3P contained on the omegasome is produced by the Vps34 complex I, the autophagy specific PI3P complex, containing BECLIN1, VPS34, p150, and ATG14. 10, 11 The autophagy specific effector of the PI3P on the omegasome is WIPI2, and is required to recruit the LC3 and GABARAP lipidation machinery (not shown in Figure 1 ). 12 Both the ULK complex and WIPI2 are required for ATG9 trafficking to and possibly from the phagophore and omegasome. 9 The growth of the phagophore, and its closure to become an autophagosome, requires the lipidated Atg8s, LC3 and GABARAPs 13 . The Atg8's are cytosolic proteins interacts with ATG16L1 17 , and subsequently a RabGAP for RAB33B, OATL1 (TBC1D25) was shown to regulate autophagosome maturation. 18 Fourteen RabGAPs were identified in a screen for binding to the Atg8 family 19 , and TBC1D5, a RabGAP for RAB7 association with the retromer complex 19 , was shown to directly bind Atg8's through a LIR motif. 20 Furthermore, in an overexpression screen, 11 TBC domain containing RabGAPs were identified that inhibited autophagy. 21 Importantly, one of these, TBC1D14, which does not contain a LIR motif, colocalizes with and binds the ULK complex on the recycling endosome. 21 TBC1D14 is an inactive GAP which however binds RAB11 (Figure 2 ). 21 While active RAB11 is required for autophagosome formation, acting at the recycling endosome, TBC1D14 is likely to act independently of RAB11. TBC1D14 binds the mammalian TRAPPIII complex 23 , which is functionally equivalent to yeast TRAPPIII complex ( Figure 2 ). Yeast TRAPPIII, required for autophagy in yeast 24, 25 acts as a GEF for Ypt1. During nutrient deprivation, TRAPPIII delivers ATG9-positive vesicles to the PAS. ATG9 is retrieved from the vacuole once the yeast autophagosome has fused with the vacuole. 26 In mammals, the TRAPPIII subunit TRAPPC8, equivalent to yeast Trs85, binds TBC1D14. 23 (Figure 3 ). Interestingly, TBC1D14 together with TRAPPIII is responsible for maintaining active RAB1B-GTP levels. This coordinated trafficking of ATG9 may utilise a "Rab conversion" 27 or a GEF-GAP cascade 28 , between RAB11 and RAB1 to maintain a pool of ATG9 in the Golgi complex and the ATG9compartment. Furthermore, unlike yeast, the cycling of ATG9 through these compartments is required to provide a pool of ATG9 vesicles to the omegasome, phagophore and autophagosome during autophagy.
Effectors of the Rabs and RabGAPs

Conclusions
Through the study of RabGaps, and Rab proteins, we have advanced our knowledge of aspects of vesicular trafficking required for autophagosome formation. In particular, we now understand the requirement of TBC1D14 interacting with TRAPPIII to maintain a reservoir of ATG9 in the Golgi and a tubular intermediate compartment which we believe is immediately mobilized upon induction of autophagy. 
